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KEY POINTS

� Oral antibiotics can and should be used in orthopedic infections, with their efficacy sup-
ported by multiple (including nearly all modern) randomized clinical trials.

� New clinical trial data supports shorter treatment durations for some musculoskeletal in-
fections; for retained-implant infections, 12 weeks may be the minimum optimal duration.

� Other priorities for antibiotic stewardship in bone and joint infections include limiting low-
value use of empiric antipseudomonal therapy, suppressive antibiotic therapy, and dental/
preprocedural antibiotic prophylaxis.
INTRODUCTION

Considerable advances in antibiotic therapy for musculoskeletal infections have
occurred since the initial reports of sulfonamide, streptomycin, and penicillin treat-
ment of osteomyelitis in the 1940s.1,2 Many clinicians still adhere to standards of
care established based on small observational studies done decades ago (eg, neces-
sity of an intravenous [IV] route of therapy) despite robust modern data upending these
dogmas.1,2

In this review, we discuss the evidence base for antibiotic decision-making in oste-
omyelitis, native joint septic arthritis, diabetes-related foot infections (DFIs), prosthetic
joint infections, and fracture-related infections. As this review will join a collection on
musculoskeletal infections including articles focused on the broader management of
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Abbreviations

AAOS American Academy of Orthopedic Surgeons
ADA American Dental Association
DATIPO Duration of Antibiotic Treatment in Prosthetic Joint Infection
DFI diabetes-related foot infection
DAIR debridement, antibiotics, and implant retention
DOOR desirability of outcome ranking
IDSA Infectious Disease Society of America
IV intravenous
NVO native vertebral osteomyelitis
OPAT outpatient parenteral antibiotic therapy
PICC peripherally inserted central catheter
PJI periprosthetic joint infection
RCT randomized controlled trial
SAT suppressive antibiotic therapy
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each of these syndromes, we focus on key common principles of antibiotic manage-
ment, including optimal route of antibiotic administration, evidence-based durations of
therapy, and antimicrobial stewardship opportunities.
OPTIMAL ROUTE OF ANTIBIOTIC THERAPY

Oral antibiotics are standard of care treatment of bone and joint infections outside the
United States3 and endorsed in multiple Infectious Disease Society of America (IDSA)
and international clinical practice guidelines, including those for DFI, periprosthetic
joint infection (PJI), vertebral osteomyelitis, and osteomyelitis of childhood.4–8 Uptake
of oral antibiotic therapy in the United States has increased in recent years, with this
practice having been reported by just 16% of North American infectious diseases (ID)
specialists in a large 2013 survey versus 91% of the same community reporting using
oral antibiotics for at least some bone and joint infections in 2023.9,10

Why Did We Believe Prolonged Intravenous Antibiotics Were Necessary for Bone
and Joint Infections?

The historic perception that osteomyelitis requires 4 to 6 weeks of IV antibiotic therapy
dates to a small but highly cited cohort study of 62 children and adults with osteomy-
elitis published by Waldvogel and colleagues in 1970.11 Waldvogel and colleagues
found treatment success higher among those who received what they defined as
“intensive antibiotic treatment,” meaning at least 4 weeks of high-dose parenteral
penicillin or oxacillin: 30 of 35 such patients were cured versus 1 of 15 who received
“limited treatment” in a “rather casual way,” which the authors describe as “low doses
of antibiotics.for too short a time” without enumerating specific regimens. These
findings were seemingly so compelling that a confirmatory prospective randomized
controlled trial (RCT) would not be conducted for more than 40 years.
Over the ensuing half-century, however, over 40 observational studies have demon-

strated the efficacy of oral antibiotics for osteoarticular infections in over 2000 cumu-
lative patients, and 9 RCTs have directly compared clinical outcomes with oral and IV
antibiotics for osteoarticular infections, with the oral regimen yielding a similar rate of
cure in each case.2,6 OVIVA, the largest and highest-quality of these trials, enrolled
over a thousand patients including 61% with orthopedic device-related infections,
among whom nearly a third were managed with either implant retention or placement
of new hardware into an infected field. This trial demonstrated the noninferiority of
switch to oral antibiotics within 7 days versus prolonged IV antibiotic therapy for
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treatment failure at 1 year (observed in 13.2% receiving oral switch vs 14.6% receiving
IV therapy).12 It is worth noting that of the twenty-first century’s 17 RCTs comparing 2
or more systemic antibiotic regimens for bone and joint infection, all but 2 employed
early switch to an oral antibiotic in the majority of patients (Table 1), with oral antibi-
otics consistently achieving high rates of cure and both trials of IV-only regimens
yielding poorer clinical outcomes.12–27 The totality of modern literature suggests
routine switch to oral antibiotic therapy during treatment of bone and joint infections
as a more evidence-based practice than strict adherence to prolonged IV therapy.
Why Should Oral Antibiotics Be Used Routinely in Bone and Joint Infections?

Orthopedic infection RCTs generally employ switch from IV to oral antibiotics after a
few days to 1 week (see Table 1). There is no evidence-based minimum duration of
IV antibiotic therapy needed prior to oral switch28; in fact, one trial examining pediatric
orthopedic infections found an empiric oral strategy noninferior to initial IV therapy.20

We advocate for a routine preference for early switch to oral antibiotics rather than
prolonged IV therapy based on 4 grounds: (1) increased patient safety, (2) decreased
treatment burden for patients and caregivers, (3) reductions in health care costs, and
(4) possible superior efficacy in implant-related infections.
In patients discharged on outpatient parenteral antibiotic therapy (OPAT), catheter

complications occur at a rate of 1.4 to 2.6 per 1000 days of treatment, require line
replacement or removal in approximately 7% of patients, and are a primary driver of
emergency department (ED) visits and readmissions.29–32 Line complications are
expensive, burdensome, and can be life-threatening (eg, deep venous thrombosis
and central-line-associated bloodstream infection). Moreover, OPAT complications
occur more commonly in patients receiving vancomycin or daptomycin, and/or for in-
fections due to Staphylococcus aureus, all mainstay features of orthopedic infec-
tions.31 OVIVA demonstrated a lower rate of early treatment discontinuation in the
oral antibiotic arm, and a real-world follow-up study implementing early oral switch
observed the majority of adverse reactions to oral antibiotics were mild, GI-related,
and could be successfully managed with monitoring, dose reduction, or change to
another oral agent.12,33 Studies suggest early switch to oral antibiotics reduces
treatment-related adverse events, hospital length of stay, and returns to the ED or hos-
pital; institutional guidelines prompting oral switch can facilitate these efforts.12,33,34

Oral antibiotics are easier for patients and caregivers to administer. In one of the few
studies to report comparative quality of life impacts of outpatient IV versus oral anti-
biotics, caregivers of children reported OPAT as more burdensome and more time-
consuming than oral antibiotics to administer (mean 90 minutes vs 6 minutes daily),
more likely to have caused missed work/school, and associated with lower quality
of life.35 Trautner and colleagues, surveying veterans with a peripherally inserted cen-
tral catheter (PICC) at large veteran’s affairs (VA) medical center, found over 80% of
comments about PICCs were negative, focusing on issues with catheter malfunction,
discomfort, impairment of daily activities (eg, difficulties showering or donning/doffing
clothing), and provider errors in catheter management.36

Early switch to oral antibiotics lowers health care costs. Multiple studies have esti-
mated mean per-patient cost savings over $3000 USD with implementation of oral
switch in orthopedic infections.33,37,38 Oral antibiotic switch has also been associated
with 3 to 4 day reductions in mean length of hospitalization.12,33 In the inpatient setting,
prolonging IV therapy also contributes to health care expenditures via excess nursing
time; one United Kingdom study found each IV antibiotic dose takes a nurse approx-
imately 20 minutes longer to administer than an oral dose.39
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Table 1
Twenty-first century randomized controlled trials comparing systemic antibiotic regimens in patients with orthopedic infections

Reference
Infectious
Syndrome N Comparators

%
Switched
to Oral
Antibiotics

Median or Mean
Duration of IV Therapy

% of Patients with
Treatment Success

Manning et al,21 2022 PJI 60 2 wk vs 6 wk of IV antibiotics before
switch to oral antibiotics in patients
managed with implant retention

100% 15 d (2 wk arm)
42 d (6 wk arm)

71% (2 wk arm)
76% (6 wk arm)

Bernard et al,15 2021 PJI 378 6 wk vs 12 wk of antibiotics following
surgical management (any type)

94% 9 d 83.2% (6 wk arm)
92% (12 wk arm)

Lora-Tamayo et al,17

2016
PJI 63 8 wk vs 12–24 wk of levofloxacin-

rifampin following implant
retention

100% �7 d 91.7% (short arm)
95% (long arm)

Byren et al,26 2012 PJI 75 Six weeks of either 6 mg/kg
daptomycin, 8 mg/kg daptomycin,
or comparator IV antibiotics
following 2-stage exchange
arthroplasty

0% 42 d (6 m/kg dapto arm)
42 d (8 m/kg dapto arm)
40 d (comparator arm)

58.3% (6 mg/kg dapto arm)
60.9% (8 mg/kg dapto arm)
38.1% (comparator arm)

Gariani et al,14 2021 DFO 93 3 wk vs 6 wk of antibiotics following
noncurative surgical debridement

>75% 1 d (3 wk arm)
3 d (6 wk arm)

84% (3 wk arm)
73% (6 wk arm)

Tone et al,19 2015 DFO 40 6 wk vs 12 wk of antibiotics without
surgery

100% �7 d 60% (6 wk arm)
70% (12 wk arm)

Lauf et al,27 2014 DFO 117 Tigecycline vs ertapenem with
vancomycin

0% 25 d (tigecycline arm)
39 d (vanc-erta arm)

31.6% (tigecycline arm)
54.2% (vanc-erta arm)

Bernard et al,18 2015 NVO 351 6 wk vs 12 wk of antibiotics >75% 14 d 88.6% (6 wk arm)
85.7% (12 wk arm)

Gjika et al,16 2019 NJSA 154 2 wk vs 4 wk of antibiotics following
surgical debridement (primarily of
the hand)

98% 1 d (2 wk arm)
2 d (4 wk arm)

99% (2 wk arm)
97% (4 wk arm)
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Peltola et al,25 2009 NJSA (Pedi) 130 10 d vs 30 d of antibiotics 100% 3 d 100% (short arm)
100% (long arm)

Bradley et al,13 2020 OM (Pedi) 141 Daptomycin vs standard of care
(vancomycin or nafcillin) for at least
4 d before PO switch to complete a
total 2–6 wk of antibiotics

95% 8 d (dapto arm)
8.5 d (SOC arm)

77.5% (dapto arm)
82.9% (SOC arm)

Peltola et al,24 2010 OM (Pedi) 131 20 d vs longer 30 d of antibiotics 100% 3.7 d (short arm)
4.1 d (long arm)

99% (short arm)
98% (long arm)

Euba et al,23 2009 OM 50 Six weeks of IV cloxacillin followed by
orals for 2 wk vs 8 wk of oral
trimethoprim-sulfamethoxazole
and rifampin for chronic
staphylococcal infections

100% Not reported 89% (PO arm)
91% (IV arm)

Benkabouche et al,121

2019
Varied 123 4 wk vs 6 wk of antibiotics following

hardware removal
100% 5 d (6 wk arm)

3.5 d (4 wk arm)
94% (6 wk arm)
95% (4 wk arm)

Li et al,12 2019 Varied 1015 Oral vs IV antibiotics during the initial
6 wk of treatment for bone and
joint infections (including implant-
related infections)

50% �7 d (PO arm) 86.8% (PO arm)
85.4% (IV arm)

Nielsen et al,20 2024 Varied (Pedi) 192 Empiric oral vs IV antibiotics in
nonimplant-related bone and joint
infections

100% 0–3 d 100% (PO arm)
100% (IV arm)

Jaberi et al,22 2002 Varied (Pedi) 33 7–10 d vs 14–21 d of IV antibiotics
following surgery

100% Not reported 100% (short arm)
100% (long arm)

Abbreviations: DFO, diabetes-related foot osteomyelitis; NJSA, native joint septic arthritis; NVO, native vertebral osteomyelitis; OM, osteomyelitis; PO, per os
(oral); PJI, periprosthetic joint infection; SOC, standard of care.
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Finally, some data suggest that the antibiotic classes best suited to eradicating
implant-associated infections are primarily oral agents. This is intuitive: beta-
lactams and glycopeptides, in inhibiting cell wall formation, predominantly target
actively dividing bacterial cells rather than the metabolically quiescent bacteria inside
implant-associated biofilms. In vitro studies demonstrate the mean inhibitory concen-
trations of vancomycin and nafcillin for PJI-derived strains of Staphylococcus epider-
midis in biofilm are greater than 100-fold higher than those of the same organisms in
their planktonic state, whereas those disparities are less dramatic for drugs like doxy-
cycline and rifampin.40 More relevantly, the 2 antibiotics whose receipt have been
associated with treatment success in implant-related infections are both oral: rifampin
and fluoroquinolones, the latter associated with good outcomes in both gram-
negative and (when combined with rifampin) staphylococcal infections.41–45 The
benefit of adjunctive rifampin in staphylococcal PJI managed with implant retention
has primarily been demonstrated with the rifampin-fluoroquinolone combination.46

Finally, a recent meta-analysis of 1 clinical trial and 6 observational studies suggested
that earlier switch to oral antibiotics in PJI may modestly increase treatment success
(operating room [OR] 2.45; 95% confidence interval [CI] 1.21–4.96; P<.001).47

A global, adaptive, randomized clinical trial (RandOmised Arthroplasty infection
worlDwide Multidomain Adaptive Platform trial [ROADMAP]) will evaluate several in-
terventions to optimize outcomes for patients with prosthetic joint infections based
on a survey of clinician research priorities; one of the domains within this trial will
explore whether rifampin should be added to treatment regimens.48 VA INTREPID
(Investigation of Rifampin to Reduce Pedal Amputations for Osteomyelitis in Dia-
betics), a second randomized clinical trial nearing completion, was inspired by obser-
vational data suggesting adjunctive rifampin may improve cure in nonimplant-related
osteoarticular infections49 and seeks to evaluate the benefit of adjunctive rifampin in
reducing pedal amputations among veterans with diabetes-related foot osteomyelitis;
this study will report outcomes stratified by the use of oral versus IV backbone anti-
biotic therapy.50 These clinical trials should clarify the utility and generalizability of
rifampin as an add-on agent for implant-related and native orthopedic infections.

Which Oral Antibiotics Have Been Studied in Bone and Joint Infections?

Oral fluoroquinolones, rifampin (as a partner to other drugs), and trimethoprim-
sulfamethoxazole have all been the subject of or well-represented in multiple RCTs
and observational studies of orthopedic infection, reporting high rates of cure.6 Line-
zolid demonstrated equivalence to ampicillin-sulbactam with switch to amoxicillin-
clavulanate in an RCT of DFI including osteomyelitis51 and is supported by compara-
tive observational data in other orthopedic infections.52 Clindamycin performed as
well as first-generation cephalosporins (both given as IV with switch to PO in a few
days) in one prospective trial of pediatric acute osteomyelitis and/or septic arthritis
and is supported by multiple small observational studies demonstrating the efficacy
of clindamycin plus rifampin despite the pharmacokinetic interaction between these
drugs.53–57 Oral first-generation cephalosporins (eg, cefadroxil and cephalexin) are
also supported by the aforementioned trial, but while our anecdotal experience with
these agents is positive, their published observational data are more limited, mostly
noncomparative, and primarily pediatric.58–62 Doxycycline and minocycline were
included in both OVIVA and a smaller RCT of orthopedic hardware-associated osteo-
myelitis, but neither has been the subject of an RCT in orthopedic infections, and their
supporting observational data are even more limited.63–65

Oral penicillins were the one antibiotic subgroup that appeared potentially inferior to
IV therapy in OVIVA, though the study was not adequately powered to compare
loaded for Anonymous User (n/a) at Pontifical Catholic University of Chile from ClinicalKey.com by Elsevier on April 
, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



Antibiotic Therapy in Musculoskeletal Infections 7
individual drug classes. Additionally, OVIVA reported neither the specific drugs or
doses used nor which pathogens they were being used to treat. If this subgroup
showing penicillin inferiority is real, oral penicillins’ relative inferiority to other classes
might relate to their frequent dosing (predisposing to medication nonadherence), sub-
stantially higher MICs of susceptible Enterococcus and Enterobacterales organisms
versus streptococci, and/or the lower bioavailability of penicillins other than amoxi-
cillin. That said, observational data and an RCT have established amoxicillin-
clavulanate as an effective option for DFIs including osteomyelitis, and we have suc-
cessfully used high-dose amoxicillin for the primary treatment of other orthopedic in-
fections due to Cutibacterium acnes and highly susceptible streptococci.51,66

The oral antibiotic regimens and doses we suggest for orthopedic infections, based
on the clinical data described earlier, are detailed in Table 2.

How Important Is “Bone Penetration” When Selecting an Antibiotic for Bone and
Joint Infection?

Prescribers sometimes aim to select antibiotics for orthopedic infections based on
“bone penetration,” or the likelihood that the antibiotic will distribute such that its con-
centration in bone exceeds the minimum inhibitory concentration of the infecting path-
ogen. Historical pharmacokinetic studies determined bone concentrations by
homogenizing bone from healthy volunteers undergoing elective procedures and
comparing that to a single blood concentration.67 Distribution between human tissue
compartments does not occur instantaneously, meaning single time point ratio sam-
ples do not accurately represent the physiologic state, and distribution is a reversible,
dynamic process. Ideally, investigators would measure the entire area under the con-
centration time curve,68 but this is impractical for tissue requiring surgical sampling.
Complicating matters further, the bone’s condition (eg, calcified, arthritic, density,
etc) is rarely accounted for in these studies, and the area within the bone matrix where
pathogens and antibiotics accumulate in vivo is unknown.
More relevantly, no clinical study has demonstrated differences in efficacy between

antibiotic classes with “good” or “poor” bone penetration for orthopedic infections.
Oral beta-lactams should perhaps be used more cautiously due to limited published
clinical outcomes in bone and joint infections versus alternatives and poorer plasma
exposures with oral cephalosporins versus their IV counterparts. However, in general,
drug distribution will occur if tissue is perfused by blood. If tissue is not adequately
perfused, any antibiotic is likely to fail without debridement to viable tissue and/or arte-
rial revascularization.

Which Patient Populations Might Benefit from Remaining on Intravenous
Antibiotic Regimens?

We recommend converting most patients with bone and joint infections from IV to oral
therapy once the patient is clinically stable, has received necessary source control
procedures, and has an identified pathogen that can be treated with highly bioavail-
able oral antibiotics (eg, not second-generation and third-generation oral cephalospo-
rins or oral vancomycin).
Patients without functioning gastrointestinal tracts (eg, malabsorption and obstruc-

tion) or with short gut syndrome are poor candidates for oral antibiotics—and in any
case usually have long-term IV access, mitigating the cost and safety benefits of oral
antibiotic switch. Patients with severe vomiting or diarrhea, or with hemodynamic insta-
bility that may decrease enteral absorption (ie, are receiving vasopressors), should not
be switched to oral antibiotics until these issues resolve. Mucositis, altered mental
status, and impaired swallowing may also prevent the use of oral antibiotics. Finally,
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Table 2
Suggested oral antimicrobials for bone and joint infections in adults with normal renal function

Drug Dosing
Laboratory Monitoring for Efficacy and/
or Safety? Notes

Amoxicillin 1 g PO Q6-8h Not routinely, impaired baseline renal
function: serum creatinine weekly

More limited supporting clinical data;
caution with organisms other than
highly susceptible streptococci and C
acnes

Amoxicillin-clavulanate 875 mg/125 mg PO Q8h-Q12h
When targeting organisms with higher

penicillin MICs, retained sources,
obesity, and/or augmented renal
clearance, consider adding amoxicillin
1000 mg PO Q12h to amoxicillin-
clavulanate 875 mg/125 mg PO Q12h,
or if insurance coverage allows,
Augmentin� XR 2000 mg/125 mg PO
Q12h

Not routinely, impaired baseline renal
function: serum creatinine weekly

More limited supporting clinical data
beyond diabetes-related foot
osteomyelitis; given with food to
improve GI tolerability. Clinical
tolerability of 875 mg/125 mg POQ8h is
less understood; dosing is suggested
based on PK/PD assessments for
patients with gram-negative
bacteremia and similar exposures may
be achieved with 2000 mg/125 mg PO
Q12h

First-generation
cephalosporins

Cephalexin 1 g PO Q6-8h
Cefadroxil 1 g PO Q8-12h

Not routinely, impaired baseline renal
function: serum creatinine weekly

More limited supporting clinical data

Clindamycin 300–600 mg PO Q8h No Toxicity not predictable by laboratories,
will present itself (nausea/vomiting, C
difficile colitis). While guidelines
recommend 600 mg Q8h, the authors
find patients often experience GI
intolerance with this dose, and
consider dose reduction (to 300–
450 mg PO Q8h) based on patient-
specific factors

Fluoroquinolones Levofloxacin 750 mg PO daily
Ciprofloxacin 500–750 mg PO Q12h

Baseline EKG in patients with a known
condition predisposing to arrhythmia;
consider short-term follow-up EKG or
choosing another agent if QTc
is >500 ms, LFTs regularly

Toxicity not predictable by laboratories,
will present itself (most often nausea or
myalgia/arthralgias after 2–3 wk of
treatment, dysglycemias in diabetics, or
altered mentation in elderly patients)

C
o
rté
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Linezolid 600 mg PO Q12h TDM achieving trough target 2–8 mg/L
may mitigate toxicity (eg,
thrombocytopenia) with prolonged
use, especially in high risk-patients (eg,
eGFR <60 mL/min, patients with
cirrhosis, baseline platelet count
<150 cells/mm3); Check CBC, lactate
regularly

The authors’ anecdotal experience is that
treatment regimens may require linear
dose reduction to 300 mg PO Q12h,
600 mg daily, or even 300 mg PO daily
(split as a half tablet) to mitigate long-
term toxicities. Some toxicity not
predictable by laboratories (typically
peripheral neuropathy after 2–3 wk,
rarely optic neuropathy)

Metronidazole 500 mg PO Q12h No Toxicity not predictable by laboratories,
will present itself (typically peripheral
neuropathy after 2–3 wk, dysgeusia,
rarely cerebellar encephalopathy)

Rifampin 600 mg PO daily or 300–450 mg PO Q12h LFTs regularly Used in combination with other agents.
The authors preference is 600 mg PO
daily to improve adherence and based
on PK/PD target likely being related to
AUC/MIC exposures (justifying daily
dosing)

Tetracyclines Doxycycline 100 mg PO Q12h
Minocycline 100 mg PO Q12h

No More limited supporting clinical data;
toxicity not predictable by laboratories,
will present itself (esophagitis/gastritis,
photosensitivity [doxy], or skin
pigmentation [mino])

TMP-SMX 10–15 mg/kg/d of TMP component,
usually as 1–2 double strength tabs PO
Q12h-Q8h (160 mg trimethoprim/
800 mg sulfamethoxazole per 1 double
strength tablet)

Yes—regularly monitor potassium, serum
creatinine, CBC, LFTs (appropriate
cadence of monitoring depends on
dose and patient-specific risk factors)

Aggressive weight-based dosing can be
poorly tolerated in higher risk
populations, for example, obesity, age
�75 y, prescribed concomitant
nephrotoxins or potassium-sparing
agents; can consider dose reduction,
for example, 8–12 mg/kg/d of TMP
component, in such patients

Abbreviations: AUC, area under the curve; CBC, complete blood count; eGFR, estimated glomerular filtration rate; GI, gastrointestinal; LFT, liver function test; MIS,
minimum inhibitory concentration; PO, per os; PK/PD, pharmacokinetic/pharmacodynamic; TMP-SMX, trimethoprim-sulfamethoxazole.
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patient-specific and infection-specific factors such as allergies, drug-drug interactions,
individualized drug toxicity risks (eg, greater risk of fluoroquinolone-induced neuropsy-
chiatric symptoms in patients over 70 years of age69,70), or no in vitro active oral anti-
biotic (eg, culture-negative orthopedic infections in areas where there are no oral
agents reliably active against staphylococci or Enterobacterales) may require patients
to remain on IV therapy.

Long-Acting Glycopeptides and Novel Adjunctive Therapies

The role of long-acting lipoglycopeptides (eg, oritavancin and dalbavancin) has evolved
to facilitate inpatient to outpatient transitions of care for complex gram-positive infec-
tions. For patients in whom completing antibiotic therapy with oral agents is not feasible,
1 or 2 doses of a long-acting lipoglycopeptide at discharge can be another patient-
focused and central line-sparing alternative to additional weeks of daily IV antibiotics.
The recent (Dalbavancin as an option for treatment of S. aureus bacteremia [DOTS])

trial presented at (European Society of Clinical Microbiology and Infectious Diseases
[ESCMID]) Global demonstrated the safety and efficacy of dalbavancin versus stan-
dard daily IV antibiotic treatment for complicated S aureus bacteremia.71 Two hundred
patients, approximately a third of whom had osteoarticular infection, were randomized
to receive either 1500 mg of dalbavancin for 2 doses or 4 to 6 weeks of standard IV
antibiotics after an induction antibiotic period of 3 to 10 days. Using a desirability of
outcome ranking (DOOR) at day 70 as the primary outcome, the trial found similar ben-
efits and risks with dalbavancin versus standard care (DOOR probability 47.7% with
95% CI 39.8%–55.7%). Survival and clinical success rates were similar between
arms, with fewer adverse events in the dalbavancin group. DOTS’s findings lend
credence to the substantial body of observational data supporting dalbavancin and
oritavancin in bone and joint infections.72–77

Phage therapy for musculoskeletal infections is an old idea enjoying a revival as an
adjunct to systemic antibiotics in the modern era of antibiotic resistance. Several
dozen case reports as well as one small prospective study with a historical control
have reported a high rate of infection remission with the addition of phage therapy
to standard care.78 Emerging data suggest that phage therapy may be less potent
against the persister cells of a biofilm versus planktonic bacteria, and that phage ther-
apy may be more active when administered as a cocktail of multiple phages.79 The
optimal combination of phages and/or antibiotic therapy remains unclear. Other mo-
dalities under investigation as adjunctive pharmacotherapy for musculoskeletal infec-
tions include biofilm-disrupting monoclonal antibodies80; these require further
investigation. Local antibiotic administration, via implantation of carrier material (eg,
bone cement) or direct administration via intraarticular, intraosseous, or topical routes,
will be discussed in an accompanying review.
OTHER OPPORTUNITIES FOR ANTIBIOTIC STEWARDSHIP IN MUSCULOSKELETAL
INFECTIONS

The fundamental goal of antibiotic stewardship is to optimize the patient’s clinical
outcome while avoiding excess cost and harm. This entails choosing the right anti-
biotic, dose, duration, and route of treatment for the correct diagnosis. In musculo-
skeletal infections, opportunities for stewardship beyond optimal selection of
antibiotic class and route of administration include avoiding unnecessary empiric anti-
pseudomonal therapy, using the shortest effective duration of therapy, limiting sup-
pressive antibiotic use, and avoiding misuse of periprocedural antibiotic prophylaxis.
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Avoiding Unnecessary Empiric Antipseudomonal Therapy in Musculoskeletal
Infections

For the clinically stable patient soon to undergo surgery for orthopedic infection, the
best empiric regimen is no antibiotics: holding treatment until deep tissue, bone, or sy-
novial fluid cultures have been obtained can improve the microbiologic diagnosis and
allow antimicrobial treatment that is more targeted, better tolerated, and more likely to
succeed. For patients who are clinically unstable or who have severe or rapidly
advancing soft tissue or musculoskeletal infection, empiric therapy should be targeted
to the most likely pathogens, including S aureus and the coagulase-negative Staphy-
lococci (ubiquitous in orthopedic infections) and using regimens with methicillin-resis-
tant Staphylococcus aureus (MRSA) activity for areas where methicillin-resistance is
prevalent (eg, the United States).
On the other hand, empiric antipseudomonal therapy is rarely necessary for muscu-

loskeletal infections, other than perhaps water-associated traumatic wounds and DFIs
that develop in the hot and humid areas of the United States and globe. Pseudomonas
aeruginosa is a common cause of DFIs in tropical areas such as Africa and Asia, so
current (International Working Group on the Diabetic Foot / Infectious Disease Society
of America [IWGDF/IDSA]) guidelines recommend empiric pseudomonal therapy in
patients with moderate-severe DFI from these geographic locations.4,81 Within the
United States, pseudomonal DFI is uncommon, though its odds are nearly twice as
high in hot and humid climates versus the colder and more arid regions of the coun-
try.82 Studies indicate empiric antipseudomonal therapy is widely overused for DFI
in the United States; 2 such cohorts foundw90% of patients received antipseudomo-
nals empirically, whereas Pseudomonas was found in less than 10% of cases.83,84

Multiple clinical trials have found similar clinical outcomes in DFI and diabetes-
related foot osteomyelitis when comparing regimens that have versus lack activity
for Pseudomonas.85 One large US medical center, implementing common antibiotic
stewardship practices such as local guideline creation, building an electronic health
record order set, and educating stakeholders, was able to achieve a 56% reduction
in empiric antipseudomonal therapy for DFI with no worsening of clinical outcomes.86

The prevalence of Pseudomonas in other orthopedic syndromes is even lower; retro-
spective studies have found Pseudomonas in �3% of prosthetic joint infections,87,88

w2% of native and postoperative vertebral osteomyelitis,89 2% to 5% of native joint
septic arthritis,90,91 and 3% to 8% of fracture-related infections.92,93 We consider
empiric antipseudomonal antibiotics for musculoskeletal infections in patients with
known Pseudomonas risk factors such as immunosuppression, persistent or wors-
ening infection after prior antibiotic therapy, gangrene, and high-risk geographic loca-
tion; for others, it is largely dispensable.81,83,94
Optimal Durations of Therapy in Musculoskeletal Infections

Until recently, most bone and joint infections have been treated either for 4 to 6 weeks
(based on early small cohort studies such as the aforementioned work by Waldvo-
gel11) or for 3 to 6 months if related to an implanted device retained in situ (based
on the IDSA PJI guidelines, which in turn cite the institutional practice of the University
of Basel in the 1990s, captured in the methods of a small clinical trial on the value of
rifampin in staphylococcal implant-related infections).3,8 Fortunately, over the past
decade 8 RCTs in adults and 2 in children have addressed the optimal duration of ther-
apy for orthopedic infections (Table 3), with shorter durations of therapy found as effi-
cacious in all but one case. While several of these studies are underpowered pilot
trials, the totality of their evidence suggests that—at least so long as an infected
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Table 3
Randomized controlled trials assessing durations of therapy in adults with musculoskeletal infections

Author, Year Syndrome (n)

Compared
Durations of
Therapy Notes

Bernard et al,18 2015 Native vertebral osteomyelitis (n 5 359) 6 wk 5 12 wk Post hoc subgroup analyses did not demonstrate
noninferiority, specifically age �75,
immunosuppression, diabetes, endocarditis,
neurologic signs, and presence of abscess

Retrospective study95 suggests benefit to longer courses
(8–12 wk) in high risk patients: MRSA, undrained
abscess, and ESRD

Tone et al,19 2015 Diabetes-related foot osteomyelitis without surgical
debridement (n 5 40)

6 wk 5 12 wk Pilot study

Gariani et al,14 2021 Diabetes-related foot osteomyelitis with surgical
debridement (n 5 93)

3 wk 5 6 wk Pilot study. On-going definitive clinical trial
(ClinicalTrials.gov ID: NCT04081792)

Pham et al,122 2022 Diabetes-related foot soft tissue infection with surgical
debridement (n 5 66)

10 d 5 20 d Pilot study. On-going definitive clinical trial
(ClinicalTrials.gov ID: NCT04081792)

Gjika et al,16 2019 Native joint septic arthritis (n 5 154) 2 wk 5 4 wk Majority of included infections were hand or wrist (n 5

99, 64%), so unclear if results apply to large joints (eg,
only 14 knee and 1 hip included)

Lora-Tamayo et al,17

2016
Early postsurgical or acute hematogenous

staphylococcal prosthetic joint infection with DAIR
(n 5 63)

8 wk 5 12–24 wk
(12 wk for hips,
24 wk for knees)

All patients received levofloxacin and rifampin

Benkabouche et al,121

2019
Prosthetic joint infection with 2-stage exchange

(n 5 38), orthopedic plate infection (n 5 44), and
infected nail implants (n 5 11)

4 wk 5 6 wk Mixed infection types

Bernard et al,15 2021 Prosthetic joint infection (n 5 410) 12 wk > 6 wk Subgroup analysis suggests benefit is greatest in those
with DAIR; benefit unclear for patients undergoing
1-stage or 2-stage exchange

Peltola et al,24 2009 Pediatric septic arthritis (n 5 130) 10 d 5 30 d

Peltola et al,25 2010 Pediatric acute hematogenous osteomyelitis (n 5 131) 20 d 5 30 d

Abbreviation: DAIR, debridement, antibiotics, and implant retention; ESRD, end-stage renal disease; MRSA, methicillin-resistant Staphylococcus aureus.
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implant is not being retained—the default to a 6-week antibiotic course constitutes
overtreatment in many cases.
We advocate for an individualized approach to duration of therapy in orthopedic

infections considering the specific infectious syndrome, whether infected prosthetic
material is retained, the infecting pathogen, and the degree of surgical source control
(ie, whether the osteoarticular component of infection—or indeed, the full extent of
infection—been cured surgically). For nonimplant-related infections, clinical trial
data support shorter treatment courses for patients with native septic arthritis of
the small joints (2 week) and diabetes-related foot osteomyelitis (3 week), so long
as these patients have had a source control procedure and are rapidly clinically
improving. For other forms of nonimplant-related osteomyelitis, we confine dura-
tions of therapy to 4 to 6 weeks given multiple orthopedic infection trials have failed
to show a benefit of longer durations. One exception to this last rule is native verte-
bral osteomyelitis (NVO) complicated by unaddressed epidural or paravertebral
phlegmon or abscess, or with other high-risk features such as MRSA infection or
ESRD. These patient populations were not adequately captured in the trial of 6
versus 12 weeks of therapy for NVO by Bernard and colleagues, and observational
data suggest that this patient population (often managed nonoperatively) may
benefit from longer treatment.18,95 Finally, no antibiotics should be given when
cure via antimicrobial therapy alone is unrealistic (eg, chronic sacral osteomyelitis
underlying a decubitus ulcer that is not being managed with flap closure) or when
surgery has fully cured the infection (eg, diabetes-related foot osteomyelitis
managed with below knee amputation).96,97

Orthopedic infections involving retained prosthetic material are more complicated and
violate the general mantra that “shorter is better.” The Duration of Antibiotic Treatment in
ProstheticJoint Infection (DATIPO) trial found that6weekswasnot noninferior to12weeks
of antibiotics in patients with PJI, including those managed by debridement, antibiotics,
and implant retention (DAIR) and1-stageor 2-stage exchange, although theoverall finding
was driven primarily by a profound benefit in the subgroupmanagedwith DAIR (14.5% vs
30.7% failure rate; risk difference 16.2% with 95% CI 2.9%–29.5%).15

Limiting Use of Suppressive Antibiotic Therapy in Implant-Associated
Musculoskeletal Infections

The other exception to the “shorter is better” mantra may be the utility of suppressive
antibiotic therapy (SAT) in select cases of infections with retained prosthetic material
(eg, fracture-related infections, spinal hardware infections, and PJIs managed with
DAIR). Evidence in this space is limited to a handful of observational studies suggesting
SAT is generally well-tolerated and may reduce recurrent infections. Approach to SAT
varies widely both within the United States and globally, with North American clinicians
reporting more liberal use of suppression than their colleagues in Europe and Oce-
ania.10,98–100We suggest an individualized approach to SAT that considers the patient’s
risk factors for treatment failure, the long-term safety profile of the available suppressive
antibiotics, and theconsequencesof treatment failure (eg, likelihoodofmortalityormajor
loss of functional status). When patients are placed on SAT, emerging studies suggest
that time-limited durations may reduce treatment failure as effectively as indefinite sup-
pression; however, the optimal duration of SAT remains undefined.45,101,102

Avoiding Unnecessary Periprocedural Antibiotics in Patients with Orthopedic
Hardware

Giving antimicrobial prophylaxis prior to dental or endoscopic procedures in patients
with orthopedic hardware is a decades-old practice rooted in the recognition that
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prosthetic joints can become hematogenous seeded and extrapolated from the once-
widespread use of antibiotic prophylaxis for dental procedures to prevent endocardi-
tis.103 Around 75% of orthopedic surgeons and dentists routinely prescribe antibiotic
prophylaxis for patients with orthopedic hardware.104–106 However, this practice is not
supported by expert guidelines or modern data.
The American Academy of Orthopedic Surgeons (AAOS) and American Dental As-

sociation (ADA) recommend against routinely prescribing antibiotic prophylaxis prior
to dental procedures in patients with prosthetic joints based on the lack of a relation-
ship between dental procedures and PJI in addition to the risks associated with anti-
biotic use.107,108 Numerous clinical studies support these recommendations, showing
both no association between dental procedures and PJI onset and that giving anti-
biotic prophylaxis does not decrease risk of PJI.104,109–112 This should be unsurprising:
transient bacteremia occurs daily during activities such as chewing, toothbrushing,
and flossing, and so giving antibiotics during dental procedures would not be ex-
pected to substantially reduce a patients’ total time spent transiently bacteremic.113

Other large retrospective studies have also found no association between endoscopic
procedures (eg, colonoscopy) and development of PJI, or any benefit of peri-
endoscopy antibiotics in preventing PJI.114–116

Antibiotic prophylaxis should be discouraged by orthopedic surgeons and dentists
alike due to lack of benefit and risk of harms associated with antibiotic use. Instead,
patients with orthopedic hardware should be encouraged to maintain good oral hy-
giene and receive regular dental care.117 Implementation of dental antibiotic steward-
ship education has been successful in improving dentist’s antibiotic prescribing,
especially in curbing unnecessary periprocedural prophylaxis.118–120

SUMMARY

Dozens of observational studies and nearly 20 RCTs have advanced the evidence
base for the management of musculoskeletal infections since their traditional stan-
dards of care were established over a half-century ago. These modern studies support
routine early use of oral antibiotics, which are as or more efficacious than standard IV
regimens while also being safer, less burdensome, and less costly. They support indi-
vidualized durations of therapy, which can often be shorter than 6 weeks in native
osteoarticular infections or when infected implant material is removed, whereas longer
durations may optimize outcomes in retained-implant infections. Finally, modern data
support other stewardship interventions in orthopedic infections, such as limiting
empiric antipseudomonal therapy and forgoing dental prophylaxis after arthroplasty.
Future research should further define the minimum necessary durations of therapy
that optimize clinical outcomes in both nonimplant-related and implant-related infec-
tions and if and when SAT should be used in retained implant-related infections.

CLINICS CARE POINTS
lo
, 
� Use of oral antimicrobials in orthopedic infection can reduce catheter complications, costs,
and burdens for patients while delivering high rates of cure, similar to intravenous
alternatives. No minimum necessary duration of IV therapy in musculoskeletal infections has
been identified. However, oral antimicrobials need to be chosen carefully, considering drug-
drug interactions, the anticipated tolerability of the specific drug in the specific patient
being considered, and the level of evidence supporting the given drug in the given clinical
syndrome. When good oral antibiotic options are not available, long-acting glycopeptides
may offer another central venous catheter-sparing alternative to daily intravenous therapy.
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� Modern clinical trial data increasingly supports shorter durations of therapy for non-implant-
associated orthopedic infections, including diabetes-related foot osteomyelitis, adult native
joint septic arthritis, and acute hematogenous osteoarticular infections in children. Data is
less clear for implant-related infections managed with implant retention, which appear to
benefit from longer durations of primary antibiotic therapy and might benefit from
subsequent antibiotic suppression.

� Antibiotic prophylaxis in musculoskeletal patients should largely be limited to the immediate
perioperative period. Specifically, the historical use of antibiotic prophylaxis prior to dental
procedures in patients with arthroplasties has been investigated in multiple large
observational studies and appears ineffective, and major orthopedic and dental societies do
not recommend prophylaxis for most such patients.
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